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Abstract
Some simple relations between unpolarized and polarized quark parton
distributions have direct experimental consequences which will be presented
here. In particular, we will see that it is possible to relate the deep inelastic
structure functions F2 and g1, both for proton and deuteron, in fair agreement
with experimental data.
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Deep inelastic scattering of polarized electrons and muons off polarized
targets have been used to study the internal structure of the nucleon. The
most abundant and accurate experimental information we have so far, con-
cerns the so called g1 spin structure function obtained with longitudinally
polarized leptons on longitudinally polarized protons, deuterons and 3He
targets [1, 2, 3, 4, 5] which allow to get separately gp1 for protons and g
n
1 for
neutrons. In the scaling limit, g1 is a function of only the well known Bjorken
variable x = Q2/2mpν, but when Q
2, the square of the four-momentum of
the virtual photon of energy ν, is finite, g1 depends also on Q
2. So let us
consider a situation with scaling violations and we recall that for protons one
has
gp1(x,Q
2) =
1
2
[
4
9
∆u(x,Q2) +
1
9
∆d(x,Q2) +
1
9
∆s(x,Q2)
]
, (1)
where for each flavor the polarized quark distribution
∆q(x,Q2) = q+(x,Q
2)− q−(x,Q
2), (2)
includes both quark and antiquark contributions. One obtains the neutron
structure function gn1 (x,Q
2) by exchanging u and d and for the deuteron one
has
gd1 =
1
2
(gp1 + g
n
1 )(1− 3/2ωD) (3)
where ωD = 0.05± 0.01 is the probability of the deuteron to be in a D-state.
The measurements of polarized deep inelastic scattering yield in fact the spin
asymmetry AN1 which is, to a good approximation,
AN1 (x,Q
2) =
2xgN1 (x,Q
2)
FN2 (x,Q
2)/(1 +RN(x,Q2))
, (4)
where N = p, n or d, FN2 (x,Q
2) is the corresponding unpolarized structure
function and RN = (FN2 − 2xF
N
1 )/2xF
N
1 is small or zero in the leading
order approximation. It is a well known experimental fact that AN1 (x,Q
2) is
Q2 independent, in the kinematical range so far explored. This means that
numerator and denominator in Eq. (4) have the same Q2 dependence, within
the present experimental accuracy. Clearly this observation, which has no
sound theoretical justification, can be however used for phenomenological
purposes, as we will see in what follows.
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Sometime ago [6, 7, 8] we have advocated the exclusion Pauli principle to
postulate the existence of simple relations between unpolarized and polarized
quark parton distributions. In particular, we have assumed [6, 7, 8] that
∆u(x,Q2) = u(x,Q2)− d(x,Q2) (5)
and also that the s quarks are unpolarized (i.e. ∆s(x,Q2) = 0). In addition,
for the moment, if we ignore the contribution of ∆d(x,Q2) in gp1, we obtain
the simple relationship
xgp1(x,Q
2) =
2
3
[
F p2 (x,Q
2)− F n2 (x,Q
2)
]
. (6)
As a result for the proton case Eq. (4) reads
Ap1(x,Q
2) =
4
3
(1− r(x,Q2))(1 +Rp(x,Q2)) (7)
where r(x,Q2) = F n2 (x,Q
2)/F p2 (x,Q
2).
The NMC-NA37 experiment at CERN [9] has performed a very detailed
measurement of F p2 and F
d
2 in a large kinematic range 0.006 ≤ x ≤ 0.6 and
0.5 ≤ Q2 ≤ 55GeV 2 and we have used their very new parametrization of the
data [10] to calculate r(x,Q2). The best determination of Rp(x,Q2) in the
kinematic range 0.1 ≤ x ≤ 0.9 and 0.6 ≤ Q2 ≤ 20GeV 2 can be found in
[11]. Therefore one can make a numerical estimate of Eq. (7) which gives
the contribution of u quarks only to Ap1(x,Q
2). The results are shown in
Fig.1 for two Q2 values, Q2 = 3 and 10GeV 2, together with the proton data
from SMC[1] and SLAC[2]. It is remarkable to note that Eq. (7) leads to
almost no Q2 dependence, except for x < 0.1 where it might be due to the
lack of a precise knowledge of Rp[12]. We also see that Eq. (7) gives the
correct shape of the data, although it lies systematically above it. This is
easily understood because we have neglected the contribution of the d and s
quarks which are expected to be negative. Actually one could try to estimate
it from the shift one observes with respect to the data, but one would not be
able to disentangle the d quarks from the s quarks. So we propose instead, to
use a different method which involves both proton and deuteron data. As we
have seen above the g1 structure functions for proton, neutron and deuteron
are expressed in terms of the three polarized distributions ∆u, ∆d and ∆s.
Clearly one can eliminate ∆s by considering gp1 − g
n
1 and similarly, one can
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eliminate ∆d by considering 4gp1 − g
n
1 . If we now assume ∆s(x,Q
2) = 0 and
using Eq. (4) we obtain as a consequence of Eq. (5)
5xgp1(x,Q
2)−
4
2− 3ωD
xgd1(x,Q
2) = 5
[
F p2 (x,Q
2)− F d2 (x,Q
2)
]
. (8)
This simple relationship between gp1, g
d
1 and F
p
2 , F
d
2 can be tested directly
from experimental data. This test is shown in Fig.2 where we have used for
the l.h.s. of Eq. (8) the SMC data[1, 4] and the SLAC data[2, 3] on the
g1’s and for the r.h.s. the NMC parametrization[10] for F
p
2 and F
d
2 . The
errors on the l.h.s. have been calculated by using the statistical errors only,
added in quadrature. The estimated errors for the r.h.s. are represented by
dashed lines on both sides of the full line which corresponds to the NMC
parametrization. The test is indeed very well satisfied and gives, within
the experimental uncertainty, a fairly good support to Eq. (5) and to the
assumption ∆s(x,Q2) = 0. Moreover if one takes the first moment of both
sides of Eq. (8), one finds for the l.h.s. 0.588 ± 0.054 using the SLAC data
or 0.605± 0.074 using the SMC data, whereas the r.h.s. gives 0.587± 0.065
using [13].
Finally, let us consider the combination 4gn1 − g
p
1 which eliminates ∆u.
Again if we assume ∆s(x,Q2) = 0, by using Eq. (3) one finds
16
2− 3ωD
xgd1(x,Q
2)− 5xgp1(x,Q
2) =
5
6
x∆d(x,Q2). (9)
Now according to the arguments we have used in [8], one is led to assume
that
∆d(x,Q2) = −
1
3
dval(x,Q
2). (10)
By combining Eqs. (9) and (10) one gets the following expression for xdval(x,Q
2)
xdval(x,Q
2) =
18
5
[
5xgp1(x, q
2)−
16
2− 3ωD
xgd1(x,Q
2)
]
(11)
which also can be tested directly from the data on the g1’s. This test is
shown in Fig.3 where, as previously, we have used for the r.h.s. of Eq. (11)
the SMC data[1, 4] and the SLAC data[2, 3] on the g1’s and for the l.h.s. the
following simple expression taken from [8] at Q2 = 3GeV 2
xdval(x) =
1.802x0.738
e(x−0.231)/0.092 + 1
. (12)
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The experimental uncertainty in this case is indeed rather large and, although
this test does not lead to any inconsistency, we cannot claim that it gives a
very strong support to Eq. (10).
To conclude we would like to stress that our simple relations between
unpolarized and polarized quark parton distributions, Eqs. (5) and (10), are
consistent with present experimental data. To establish them more firmly,
one needs a substancial improvement of the data which is expected in the near
future. Then it will be possible to decide if these relations are just a useful
phenomenological guide or if they have a more fundamental significance.
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Figure Captions
Fig.1 The spin asymmetry Ap1(x,Q
2) versus x calculated from Eq. (7) at
Q2 = 3GeV 2 (dashed line) and Q2 = 10GeV 2 (solid line) compared to
the data at different Q2 (open squares from [1] and full circles from
[2]).
Fig.2 Experimental test of Eq. (8). Open squares are obtained from [1] and
[4], full circles from [2] and [3]. Full line has been calculated from the
parametrization of Ref.[10] at Q2 = 6GeV 2 and dashed lines are the
corresponding estimated errors.
Fig.3 Experimental test of Eq. (11). Open squares are obtained from [1]
and [4], full circles from [2] and [3]. Full line has been calculated using
Eq. (12) from [8].
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